The crude bark extract of Zanthoxylum setulosum from Monteverde, Costa Rica was notably cytotoxic (100% kill at 100 g/mL) to MCF-7, MDA-MB-231, and MDA-MB-468 cells in vitro. Phytochemical studies of the bark extract revealed the triterpenoid lupeol, the lignan sesamin, the sesquiterpene sesquichamaenol, and the xanthone lichexanthone. This is the first report of the isolation of sesquichamaenol and lichexanthone from the bark extract of Z. setulosum. All structures were determined using NMR spectroscopic techniques ( 1 H NMR and 13 C NMR) and GC-MS and by comparison with literature data. Lupeol proved to be the cytotoxic component of Z. setulosum bark.
Tropical rainforest plants have evolved chemical defensive mechanisms to avoid herbivory and resist pathogens [1] . Monteverde, Costa Rica, is home to numerous species of Zanthoxylum that contain common bioactive constituents and have various traditional uses [2a] . Zanthoxylum, a genus of about 250 species in Rutaceae, is a rich source of lignans, alkaloids, coumarins, amides, flavonoids, terpenes and other metabolites with pharmacological properties [2b,2c].
Z. setulosum P. Wilson is a medium to large tree [3] . Lupeol and sesamin have been previously identified in the leaves of Z. setulosum [4] . Z. setulosum bark extract had been previously shown to be cytotoxic [5] and in this work, the crude chloroform bark extract was cytotoxic to MCF-7, MDA-MB-231, and MDA-MB-468 breast tumor cells (100% kill at 100 μg/mL).
The crude chloroform bark extract of Z. setulosum was subjected to flash chromatography leading to the isolation of lupeol, sesamin, lichexanthone, and sesquichamaenol. The structures of the isolated components were determined using NMR and MS spectral data and by comparison of these with the literature [6] [7] [8] .
Previous phytochemical investigation of Z. setulosum has shown the isolation from the leaf extract of sesamin, syringaresinol, the isopentyl ether of pluviatol, savinin, kusunokinin, lupeol, aurantiamide, and skimmianine [4] . In this work we report the isolation of sesquichamaenol and lichexanthone that have not been previously reported from Z. setulosum. In addition, lupeol and sesamin have been isolated in larger quantities from the bark than previously isolated from the leaves of this tree [4] .
Sesquichamaenol is a sesquiterpene that is reported to be a source of various metabolites with pharmacological activities [9] . Lichexanthone is recorded as having antibacterial, antimalarial, antioxidant, and antitumor activity [10] . Lichexanthone has been isolated from a variety of Zanthoxylum species, but has not been reported in Z. setulosum [11] . Cytotoxicity testing of isolated and purified compounds indicated lupeol to be the cytotoxic material in the crude bark extract (100% kill at 100 μg/mL). Lupeol had been previously shown to be cytotoxic to Hep-G2, A-431 and H-4IIE cells [12] . However, neither sesamin, sesquichamaenol, nor lichexanthone showed cytotoxic activity. 
Chromatographic separation of bark extract:
The crude chloroform bark extract (25.02 g) was subjected to flash chromatography using a silica gel (200-400 mesh) column, 70 cm in length  5 cm in diameter. Elution was carried out using a solvent gradient (n-hexane with increasing proportions of ethyl acetate, followed by ethyl acetate with increasing proportions of ethanol). TLC was performed on silica gel precoated aluminum plates with a fluorescent indicator 254 nm for analysis of isolated fractions, and spots were detected by illumination with UV light. Lupeol was isolated from fraction 14 (yield 1.28 g). Sesamin crystallized from fraction 29 and 30, as colorless prisms (yield 2.05 g).
Fractions were checked by TLC and HPLC analysis and fractions having comparable TLC features were combined to form "superfractions." Combined fractions 5-11 (22 mg) and 20-23 (69 mg) were subjected to chromatographic separation on a silica gel (200-400 mesh) column, eluting with a n-hexane/EtOAc step gradient. Superfraction 5-11 was separated to give 10 mg of sesquichamaenol, and superfraction 20-23 to give 10 mg of lichexanthone.
Gas chromatography-mass spectrometry:
Superfractions of Z. setulosum were subjected to gas chromatographicmass spectral analysis on an Agilent system consisting of a 6890 Gas Chromatograph, a 5973 Mass selective detector (MSD), and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary consisting of a (5% phenyl)-methylpolysiloxane stationary phase, a film thickness of 0.25 m, a length of 30 m, and an internal diameter of 0.25 mm. The GC carrier gas was helium and the column had a head pressure of 7.07 psi and a flow rate of 1.0 mL/min. The inlet temperature was 200C and the MSD temperature 280C. The GC oven temperature was programmed as follows: 40C initial temperature held for 10 min; increased at 3/min to 200C; increased 2/min to 220C. The extracts were dissolved in dichloromethane and 1 L of the sample was injected using a split injection method. The MS of constituents were compared with those in the literature [7] [8] [9] .
Cytotoxicity screening:
In-vitro cytotoxic activity against MCF-7, MDA-MB-231, and MDA-MB-468 cells was determined using the MTT method for cell viability, as previously described [13] .
